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Abstract: Cover crops are becoming more accepted as a viable best management practice because of
their ability to provide important environmental and soil health benefits. Because of these benefits,
many land managers are strongly encouraging the use of cover crops. Additionally, there is limited
information on farmers′ perceptions of the benefits and challenges of implementing cover crops. Many
farmers state that they do not have enough money or time to implement cover crops. In an attempt to
gather more data about the adoption rate and perceptions of cover crops in South Carolina, a survey
was sent to 3000 row crop farmers across the state. Farmers were asked whether they implement
cover crops and their perceptions of the benefits and challenges associated with implementation.
Furthermore, questions were asked regarding the impact of row cropping on their environment to
gauge farmer′s education level on environmental impacts. Responses showed many people are
implementing cover crops; however, there are still differences in perceptions about benefits and
challenges between those who are adopting cover crops and those who are not. This research assesses
these differences and aims to provide a baseline for focusing cover crop programs to tackle these
certain challenges and promote the benefits.
Keywords: cover crops; sustainable agriculture; best management practices; agriculture education
1. Introduction
Soil erosion is a major issue in the agriculture sector of the United States, and was determined
to be a serious crisis in the 1970s and onward [1]. The southeastern United States, and especially
South Carolina, has been especially affected by soil degradation from early agriculture operations,
where forestlands are converted to agriculture, and the land is subject to significant erosion [2]. The soil
organic matter that is lost (carbon) can be upwards of 20–40%, significantly affecting both soil and
water quality [3]. Soil quality decreases by limiting microbial activity that is important for healthy and
robust agriculture [3]. Additionally, the eroded soil finds its way into waterways, causing increased
sedimentation. Cover crops are one effective option for a reduction in soil erosion; they are known by
both researchers and stakeholders to be an effective form of environmental management in agriculture
systems [4,5].
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Cover crops are a promising solution to soil erosion and degraded soil; they are effective in
reducing soil and nutrient losses, increasing soil health, and providing increased microbial activity [6–8].
With the implementation of cover crops, soils are less likely to remain bare at any point during the year,
and the soil loss is abated [5,9]. Furthermore, a continuous use of cover crops helps retain the soil organic
matter, thus conserving water, nutrients, and providing aeration, all of which would be significantly
reduced during a period of bare soil [6,10]. Additional conservation practices coupled with cover crops
often prove more effective than simply utilizing cover crops [11]. The ideas of conservation agriculture
are encouraged when implementing cover crops, such as no-till fields, reduced use of fertilizers, and
more efficient irrigation systems [12]. Studies have shown that no-till agriculture has significantly
decreased soil erosion compared to erosion that results from conventional till agriculture [13–15].
Additionally, the impact of agriculture on water quality is a major concern among scientists and
the public [7]. Sediments account for the largest quantity of water pollutants from agriculture, limiting
fish growth and making water treatment more difficult [5]. The use of cover crops is one of the primary
nature-based methods to retain soil and nutrients within the crop system, benefitting both the farm
yield and the water quality that affects those external to the farm [10]. Increasing water quality is an
important driver for the increased use of best management practices in agriculture systems, due to the
commonly held belief that water quality is reduced due to non-point source pollution [7,16–18].
Despite the many benefits of implementing cover crops, the cover crop adoption rate remains low.
One of the major challenges for farmers implementing cover crops is the lack of perceived financial
and environmental benefits [19]. It is understandably difficult for farmers to justify the use of new
conservation farming methods, such as cover crops, when it is already difficult year after year to profit.
Some additional challenges in a variety of different cover crops include: disease problems [20,21],
lack of available species that are shade and cold tolerant [22], and high costs with limited returns [23,24].
Furthermore, the implementation of cover crops and other conservation measures are often viewed as
a long term commitment and result in limited or nonexistent short term gains. The possibility of no
short term gains is undesirable for many farmers and reduces the implementation of conservation
actions [8].
Since land managers have recently focused on the use of cover crops as a best management practice,
surveys involving cover crop adoption and perceptions of farmers are limited in number. A few surveys
indicate the continued but limited use of cover crops. In 2012, less than 5% of farmers in the United
States utilized cover crops, as determined through a national survey by the Sustainable Agriculture
Research and Education (SARE) program [8]. In many locations, US federal and state government
agencies have been using cost share programs to encourage the implementation of conservation
farming practices. These cost share programs aim to incentivize farmers to participate in conservation
practices, since they are only implemented on a voluntary basis [25]. In 2011, the United States
Department of Agriculture (USDA) spent over USD 5 billion on cost share programs, as defined in the
Farm Bill [26]. Specifically, the Environmental Quality Incentives Program (EQIP) is one of the most
comprehensive conservation cost share programs, funded by the federal government. This program is
comprehensive in the sense that it provides over 200 options for conservation projects with cost share
funding, and farmers have the opportunity to create an individualized program [27].
Understanding the perceptions towards and challenges of planting cover crops can help agencies
and Cooperative Extension provide better information to those farmers who have the potential to
include cover crops in their crop rotation. There are limited data for South Carolina when it comes to
understanding these perceptions among row crop farmers.
The main objective of this study was to understand the opportunities for and barriers to planting
cover crops in South Carolina (SC). Additionally, the study aimed to identify the type of cover crops that
farmers are using and to understand their motivations behind the use. To achieve these goals, a survey
was designed to study cover crop (CC) users′ and non-users′ perceptions towards and challenges for
implementing cover crops. Information obtained through this survey is crucial for policy makers and
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outreach/extension personnel to determine ways to encourage farmers to implement cover crops and
other conservation practices.
2. Materials and Methods
2.1. Survey
To obtain data on the farming community in SC, a mail survey and its follow up was sent to
3000 farmers growing one or more row crops between January and March 2019. These farmers were
randomly selected from a Farm Service Agency database of SC row crop farmers. We designed our
survey using a variety of resources, particularly a study by Plastina et al. [24]. The survey was broken
into two parts: (1) a part for CC users and (2) a part for CC non-users. Both the non-users and the CC
users were then asked identical questions where they would rank a variety of perceived benefits and
challenges about implementing cover crops. This information will be crucial to understanding any
differences in perceived challenges and benefits. The CC users were required to answer additional
questions for us to understand their motivations for utilizing cover crops. They were also asked about
the certain cover crops they used, how long they had been using them, and the cash and cover crop
yields. All participants were asked to answer questions regarding education and demographics.
2.2. Pretest
The survey was pre-tested to establish that the terminology and questions were understandable
and relevant to SC farmers. We pre-tested the survey in a cover crops educational event hosted by the
Richland County Soil and Water Conservation district in October 2018. The survey was distributed
to 26 farmers that attended the event, and 14 surveys were returned to us for analysis. Respondents
provided beneficial feedback that was used to simplify and improve the questionnaire.
2.3. Statistical Analysis
Statistical analysis was completed to determine the relationships between cover crop non users
and cover crop users, looking at a variety of demographic data and the implementation of cover crops.
The association of demographic characteristics with cover crop use was analyzed using the ANOVA
least significant difference (LSD) model. The similarity of perceptions across groups of cover-crop
users and non-users was analyzed using a Chi-Square test of homogeneity. Both procedures were
implemented in IBM SPSS™ (Armonk, NY, USA), and the chosen critical confidence level to determine
significance was 95%.
3. Results
3.1. Overview
We received 308 survey responses out of 3000 distributed surveys, for a response rate of 10.3%.
In total, 143 respondents, or 46.4% of the sample, indicated that they planted cover crops at some
point while they owned or rented the land and 148, or 48.1%, reported not ever planting cover crops
(Figure 1). The remaining 18 respondents did not respond to this question.
Based on the zip codes of the respondents, we can affirm that, while the survey covered the entire
state, the higher concentration of responses came from counties in the center of the state (Figure 2).
Out of all the survey respondents, the majority of respondents planted corn, soybeans, and raised
poultry and livestock. There is still a significant number of farmers across the state that plant other
crops, including cotton, wheat, hay, and peanuts. These responses are indicative of agriculture across
the state. Much of the row crop farming takes place in the midlands, in the counties that have the
highest cover crop usage (Richland, Lexington, Calhoun, and Orangeburg).
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Farm sizes represented in the sample ranged from very small to large farms, but the most prevalent
farm size category was that of 200 to 499 acres (Figure 3). In our sample, larger farms were more
likely to have used cover crops than smaller farms. When analyzing the regression between those
who implemented cover crops and farm size, the positive r-squared value (0.26) does provide some
evidence that those respondents who had larger farmers were more likely to implement cover crops.
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3.2. Cover Crop Usage
Respondents that implemented cover crops in the past were asked to describe which cover crops
they used and how long they had been using them (Figure 4). The results indicate that almost all of the
cover crops had an increase in usage between 1995 and 2017. It must also be taken into consideration
that many farmers used a multi-species cover crop over a single species cover crop.
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Respondents were asked a series of q estions regarding their perceptions of the challenges and
benefits of planting cover crops. The questions regarding challenges (Table 1) were answered through a
ranking scale with the following response options: 1—Not a Problem I Considered; 2—Not a Challenge;
3—Neutral; 4—Somewhat of a Challenge; 5—A Difficult Challenge.
Table 1 details the mean number selected on the ranking scale and is compared between those
who had used cover crops and those who had never used cover crops. A Chi-Squared test was
also carried out to determine if the sample data for benefits and challenges have the same or equal
distribution between CC users and non-users. The highest values for both categories, considered the
most challenging aspect for cover crops, were the cover crop seed costs for both users and non-users.
The cost of planting and managing cover crops for non-users was the most challenging option and
was also significantly challenging for users. Cover crops sometimes using too much moisture was
the least challenging option for both users and non-users. The second least challenging option was
yield reduction in the following cash crop for CC users and nitrogen converting to organic forms
for non-users.
We selected a list of cover crop benefits, which are outlined in Table 2. Respondents were asked to
gauge the importance of these benefits from cover crops. The questions regarding benefits (Table 2)
were answered through a ranking scale with the following response options: 1—Does not matter to
me; 2—Not Important; 3—Indifferent/Neutral; 4—Somewhat Important; 5—Very Important.
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Table 1. Selected challenges associated with planting cover crops; means compared between cover crop users and non-users.
Count—Cover Crop (CC) Users Count—CC Non-Users
1 2 3 4 5 Mean Rank 1 2 3 4 5 Mean Rank
Cover crops sometimes use too much moisture 58 32 22 6 2 1.85 14 41 14 39 11 0 2.77 5 *
Not knowing most effective seeding rate 33 41 17 27 1 2.34 9 27 21 30 23 4 2.19 11 *
Selecting the right cover for my operation 27 36 22 30 5 2.58 5 21 18 31 28 8 3.25 2
No measurable economic return 24 25 39 15 13 2.72 1 19 12 41 21 12 2.77 5 *
Cover crop becomes a weed the following year 40 50 18 9 1 2.34 9 30 17 32 16 10 2.19 11 *
Nitrogen conversion to organic forms 21 36 56 4 3 2.58 5 30 18 46 10 1 2.24 8
Yield reduction in the following cash crop 30 43 34 6 5 2.72 1 29 13 47 8 7 2.77 5
Increased insect potential 32 35 35 11 4 1.99 11 27 11 46 16 4 2.19 11 *
Time and labor required for planting
and management 18 29 16 47 10 2.58 5 16 8 28 31 25 2.24 8
Cover crop seed cost 16 13 31 48 14 2.72 1 15 6 37 27 20 3.10 3 *
Cover crop seed availability 19 30 32 29 6 1.99 11 19 9 46 24 8 2.19 11
Increased disease potential 34 37 39 7 1 2.43 8 28 16 46 10 5 2.24 8 *
Increases overall crop production risk 31 41 38 8 2 2.72 1 22 13 51 12 5 3.10 3 *
Cost of planting and managing cover crops 19 15 30 49 8 1.99 11 13 7 30 32 25 3.46 1
* significantly different at p < 0.05 (Chi-Squared test).
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Table 2. Selected benefits associated with planting cover crops; means compared between cover crop users and non-users.
Count–CC Users Count–CC Non-Users
1 2 3 4 5 Mean Rank 1 2 3 4 5 Mean Rank
Reduces soil erosion 4 5 5 28 83 4.45 2 8 4 16 29 54 4.05 2 *
Controls weeds 3 3 13 36 68 4.33 4 5 4 27 32 41 3.92 6 *
Provides nitrogen scavenging 5 6 25 31 54 4.02 10 6 6 33 31 33 3.72 10 *
Increases yields in following cash crop 7 6 27 21 63 4.02 9 6 6 41 23 32 3.64 13 *
Economic return 4 5 24 26 63 4.14 6 5 5 35 25 41 3.83 7 *
Deep tap roots 6 10 27 39 38 3.78 13 8 5 49 26 22 3.45 17 *
Attracts pollinators to my farm 5 12 38 25 39 3.68 14 8 6 37 30 28 3.59 14 *
Reduces nutrient/pesticide runoff 5 8 15 33 56 4.09 7 8 4 31 29 35 3.74 9 *
Winter kills easily 8 26 49 16 18 3.09 18 8 9 44 33 16 3.36 18 *
Winter hardiness/survival 7 12 34 27 37 3.64 15 9 4 45 28 23 3.48 16
Controls insects 7 10 51 22 25 3.42 17 10 4 38 28 29 3.57 15 *
Reduces diseases 8 10 40 28 30 3.53 16 9 7 28 33 33 3.67 12 *
Increases soil organic matter and soil health 2 3 6 29 83 4.53 1 7 3 14 32 55 4.13 1 *
Reduces soil compaction 4 3 11 31 71 4.35 3 8 2 23 33 44 3.94 4
Provides a nitrogen source 5 6 22 34 54 4.04 8 7 2 24 32 45 3.96 3
Fibrous root system 7 6 29 35 40 3.81 12 8 2 32 31 36 3.78 8 *
Decreases the cost of producing the following cash crops 5 7 37 26 44 3.82 11 9 2 36 30 33 3.69 11
Environmental Benefits to protect waterways 5 4 19 28 62 4.17 5 8 2 24 32 44 3.93 5
* significantly different at p < 0.05 (Chi-Squared test).
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According to the responses received, regardless of their cover crop usage, farmers do believe that
these general factors regarding soil health, the importance of nutrients, and environmental quality are
benefits gained from cover crops. Both CC users and non-users indicated that increasing soil organic
matter and soil health was the most important benefit of cover crops. The next most important benefit
of cover crops was the same for both groups as well, to reduce soil erosion. The least important benefit
for both CC users and non-users was that the winter would kill the cover crop easily.
3.3. Environmental Considerations
Farmers were asked four “yes” or “no” questions that attempted to gauge their understanding of
and attitudes towards environmental issues that occur from nutrient runoff from agriculture operations.
The questions were as follows:
1. South Carolina farmers should do more to reduce nutrient runoff into waterways.
2. Nutrients from farms contribute to algae blooms and red tide in the ocean.
3. I am concerned about agriculture′s impact on water quality.
4. I would be willing to have someone evaluate how my farm is doing to reduce runoff into waterways.
The responses are shown in Figure 5, with the numbers corresponding to each above question.
This graph shows an interesting pattern that, while respondents are typically concerned about
agriculture′s impact on water quality and a strong opinion is shared that farmers as a group should do
more to reduce nutrient runoff, a much smaller proportion of the respondents are willing to take the
specific action suggested in the survey of allowing a third party evaluation of their own performance.
Finally, farmers seem to be equally distributed among those who accept the premise that nutrients
from farms damage ocean life and those who reject the premise.
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3.4. Demographics
We asked about the age of survey recipients. It has been shown that age is often a determinant
for the implementation of conservation practices, and older farmers were less likely to adopt these
practices [7].
Figure 6 shows the distribution of respondents by age and whether they implemented cover crops.
There is a statistically significant age difference between cover crop users and non-users—while the
mean age of the former group is 45–54, the mean age of the latter group is 55–64. Older farmers are
less likely to have used cover crops than younger farmers; however, the mean age of all farmers is also
in the 45–54 age range, showing most farmers are already older, thus providing an explanation as to
why the age difference is statistically significant.
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Farmers were also asked to indicate their highest level of education attained. More than 90%
(283 out of 308) of survey respondents answered this question, and the largest group of respondents
was that comprising those with bachelor′s degrees. ”Some high school” education had the smallest
group of respondents. Figure 7 shows the education distribution among users and non-users. There
was no statistically significant difference between education attained and implementation of cover
crops when tested using one-way ANOVA.
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Gross income was also asked of all the respondents. Response options were broken down into
twelve different categories. Figure 8 shows the distribution of income for respondents based on
whether they used cover crops or not. A one-way ANOVA test showed that income is significant when
considering whether farmers will implement cover crops or not. The analysis indicates that those with
a higher income were more likely to implement cover crops. Furthermore, farm size and income level
were highly correlated (p < 0.05) in a one-way ANOVA test.
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Many of the selected demographic variables and farm size are associated with cover crop adoption
are also correlated among themselves, making it difficult to determine which single factor is the most
important to foster cover crop adoption. Nevertheless, the results do provide important information
regarding the factors necessary to consider when designing and implementing programs that promote
cover crops and provide technical advice to farmers.
4. Discussion
4.1. Overview
We received 308 responses from the originally distributed 3000 surveys (10.3% response rate).
There was significant representation of farmers that plant the following cash crops: corn, cotton, hay,
oats, peanuts, soybeans, and wheat. There were also significant responses from those who have
livestock and poultry. Almost half of respondents (49.1%) indicated that they currently use or have
used cover crops on their farmland. While this number of survey respondents who utilize cover crops
is potentially indicative of a large number of CC users, the U.S. Census agriculture survey that was
distributed in 2017 shows that cover crop implementation comprises only 6% of agriculture lands in
South Carolina. Furthermore, there has only been a 1.9 percent increase in cover crop implementation
since 2012 [28]. Even with a random sampling, it is plausible that farmers who have a heightened
interest in cover crops or even utilize cover crops are those that completed the survey. It is possible
that those who do not have any interest in cover crops or even disagree with the science behind cover
crops did not complete the survey, creating a non-response bias [29]. Follow up mail surveys were
used in this study to attempt to mitigate this problem and were included in these results.
4.2. Cover Crop Usage
A variety of cover crops were found to be utilized in SC. While it was difficult to capture when a
cover crop mix was used, the data showed that cereal rye, ryegrass, oats, and wheat were dominantly
used. Crimson clover and sorghum sudangrass are increasing in usage and all cover crops had
significant increases in their usage between 1995 and 2017. These data may indicate that farmers
are branching out to other cover crops and cover crops in general are becoming more prevalent.
This may also show that seed is becoming more available for the specific practice of cover cropping.
Seed availability has been a challenge for many medium to small operation producers.
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4.3. Challenges and Benefits
The challenges and benefits of cover crops questions were designed to determine if CC users and
non-users perceive the effectiveness of cover crops differently. For many questions, it was apparent
that the challenges farmers face to implement cover crops and the benefits gained are different between
groups. Those who are implementing cover crops report larger perceived benefits than those who do
not utilize cover crops.
Challenges that exist for SC farmers are mostly those related to the cost of cover crop seed,
availability of the seed, and the time and labor required to plant and manage the cover crop.
Challenges, such as no measurable economic return, cover crop seed cost and availability, and cost of
planting and management, are statistically significant issues in terms of the way non-users and users
perceive these challenges. All the challenges presented may limit the capacity of farmers to plant cover
crops, especially those who have never used cover crops or do not fully grasp the benefits obtained
from cover crops. Based on the survey of challenges for both users and non-users, those who already
use cover crops have the same challenges, but they may have additional resources and motivations not
assessed in this study to plant cover crops. These case by case scenarios that consider minor factors,
such as accessibility to seed/resources, size of farm, income, and weather, can be important factors
when determining if a farmer can effectively and economically implement cover crops.
Regarding the benefits of cover crops, both users and non-users seem to have an understanding
that cover crops provide a variety of benefits. While many of the non-user and user perceptions
towards cover crop benefits are significantly different, the average perception among non-users was
that cover crops are “somewhat important” (4.14 in a scale of 5) for increasing soil organic matter.
This may be indicative of farmers learning and understanding the benefits of cover crops but not having
the resources and time to actually carry out a cover crop operation [30]. Some farmers even indicated
in the comments section of the survey that they would like to learn about the economic benefits of
cover crops, not simply to implement cover crops because a subsidy is available to help them.
4.4. Environmental Considerations
Understanding farmer′s considerations on the environment can help us better understand their
motivations behind utilizing cover crops. Eventually, this understanding can inform educational
methods for best management practices. The response to environmental considerations relating to how
farms affect water quality was indicative of farmers already having some or extensive education on this
topic. The results of our survey show that 90% of farmers agreed that they should do more to reduce
nutrient runoff into waterways. Likewise, 81% of farmers are concerned about the impact of agriculture
on water quality. One of the major barriers that remains is the general uncertainty associated with
agriculture production [31]. Growing conditions, weather, and location can have a significant effect on
how farmers choose to apply fertilizers and herbicides. The over-application of fertilizers to offset the
potential losses due to adverse conditions can negatively affect soil and water quality.
On the contrary, when asked if nutrients from farms are contributing to algae blooms and red tide
in the ocean, only 49% of respondents believed that this is occurring. It is possible that farmers in general
understand the direct impacts of the nutrient runoff but not the long term or long distance impacts of
the transfer of nutrients through river systems. Additionally, increased publicity in mainstream media
of the effects of nutrient runoff and hypoxia in the Gulf of Mexico and around Florida may contribute
to farmers denying that they contribute to this problem. Furthermore, as media coverages aims to
identify the source of the problem, farmers are quick to deny that they are the source, even if science
does indicate that this is occurring [32].
55% of farmers would be interested in an analysis of how their farm is doing to reduce runoff
into waterways. These types of mitigation efforts would benefit farmers in multiple ways; they would
be protecting the environment from nutrient runoff and they would be saving top soil and nutrients,
resulting in less fertilizers needing to be applied to the soil.
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5. Conclusions
While our results do not necessarily indicate that farmers in South Carolina are increasing their
adoption of cover crops, it does show when the respondents started using cover crops and provides
needed insight into farmers′ perceptions of cover crops. Furthermore, the results indicate that more
respondents have implemented cover crops in recent years. The environmental benefits of increased
usage are well documented, and the understanding of the economic benefits from cover crops is
increasing. Cover crops have been shown to provide economic benefit when fertilizer inputs are
reduced; they are sold as feed or foraged [33]. Many farmers seem to be aware of these benefits and
subsequently have made it a priority to implement cover crops. The present study documents that
adopting cover crops remains challenging for many farmers, due to time, labor, and funds required to
change the crop rotations to include cover crops. It was also found that age and income are statistically
significant when determining the likelihood that farmers implement cover crops.
Our study also highlights farmers′ understanding of the localized effects of nutrient and soil runoff
on the environment. Education efforts in the state through Clemson University Cooperative Extension,
the SC Natural Resources Conservation Service, and the Richland County Soil and Water District
provide resources to help farmers understand the connections between soil runoff, environmental
degradation and ultimately crop yield. It is imperative that these education efforts continue to provide
sound science that will help farmers understand these connections and show why cover crops and
other best management practices, such as no-till, are viable methods to protect the environment and
increase crop yields. Challenges in the realms of seed cost and labor requirements can and should
also be addressed at educational sessions so farmers can be better informed of their options to make
budgeting for cover crops easier. Outreach to more farmers will also be crucial for implementing
conservation practices.
A natural extension of the present study is the analysis of farmers′ willingness to accept cost
share payments for implementing cover crops. These types of funds can help spur a farmer′s cover
crop operation to the point where it is more sustainable economically. Information obtained through
this survey provides a basis for policy makers and Cooperative Extension personnel to understand
the challenges better and determine ways to encourage farmers to implement cover crops and other
conservation practices.
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